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Objective. To evaluate the performance of Sequential Organ Failure Assessment (SOFA) score in cases of severe maternal morbidity
(SMM). Design. Retrospective study of diagnostic validation. Setting. An obstetric intensive care unit (ICU) in Brazil. Population.
673 women with SMM. Main Outcome Measures. mortality and SOFA score. Methods. Organ failure was evaluated according to
maximum score for each one of its six components. The total maximum SOFA score was calculated using the poorest result of
each component, reﬂecting the maximum degree of alteration in systemic organ function. Results. highest total maximum SOFA
score was associated with mortality, 12.06 ± 5.47 for women who died and 1.87 ± 2.56 for survivors. There was also a signiﬁcant
correlation between the number of failing organs and maternal mortality, ranging from 0.2% (no failure) to 85.7% (≥3o r g a n s ) .
Analysis of the area under the receiver operating characteristic (ROC) curve (AUC) conﬁrmed the excellent performance of total
maximum SOFA score for cases of SMM (AUC = 0.958). Conclusions. Total maximum SOFA score proved to be an eﬀective tool
for evaluating severity and estimating prognosis in cases of SMM. Maximum SOFA score may be used to conceptually deﬁne and
stratify the degree of severity in cases of SMM.
1.Introduction
Potentially severe complications are estimated to occur in
15% of pregnancies, resulting in 529.000 maternal deaths
annually worldwide [1]. Maternal deaths arise from the risk
attributable to pregnancy as well as from the poor-quality
care from health services [2]. Ensuring equitable access to
basic and emergency skilled care, the early recognition and
treatment of maternal potentially life-threatening conditions
is critical for saving the lives of mothers and their newborns
[1, 3].
Maternal death should be understood as the ﬁnal stage of
an ongoing condition of severe maternal morbidity (SMM)
[4, 5]. Organ dysfunction is a continuous, dynamic process
of alterations in organ function [6, 7] and is part of the
pathophysiologic process of SMM [7–10]. Diﬀerent patient
populations develop diﬀerent patterns of organ dysfunction
[11]. Studies that have evaluated SMM in intensive care units
(ICU) have reported that the degree of organ dysfunction,
the number of failing organs, and the duration of the
condition were variables directly related to higher maternal
mortality [8, 9, 12–14].
With the objective of stratifying severity, evaluating ther-
apeuticresponse,andestimating prognosesincasesofSMM,
scores traditionally used in ICUs, such as the Acute Phys-
iology and Chronic Health Evaluation II (APACHE II),2 The Scientiﬁc World Journal
Mortality Probability Models (MPMs), and the Simpliﬁed
Acute Physiology Score II (SAPS II) [15–17], have been
applied to this patient population with conﬂicting results,
generally leading to overestimation of the severity of illness
and maternal mortality [8, 13, 18–23]. Of the methods
proposed,thoseevaluatingorgandysfunctionappeartooﬀer
greater sensitivity and speciﬁcity [9].
The Sequential Organ Failure Assessment (SOFA) score
[7]wasdevelopedandlatervalidatedasatoolforquantifying
the degree of organ dysfunction and the prognosis of
severely ill patients [24–27]. Total maximum SOFA score, a
measurement resulting from and complementing the SOFA
score, takes into consideration the maximum degree of
alterationinorganfunctionresultingfromtheinsultsuﬀered
during the period the patient remained in the ICU [28].
T h ep a t t e r n so fo c c u r r e n c eo fo r g a nd y s f u n c t i o ni n
women with severe complications of pregnancy, and the
evolution of these patients, constitute a subject that has so
far received sparse attention. The objective of this study was
toevaluateorgandysfunctionandfailureandthediscrimina-
tory power (the ability of the method to distinguish between
non-survivors and survivors) of total maximum SOFA score
in cases of SMM admitted to an obstetric ICU. The long-
term objective of this approach is to provide evidence for
supporting the decision of using organ dysfunction and
failure as the criteria for deﬁning maternal near miss.
2. Methods
This retrospective study was carried out at the Center for
Women’s Integrated Healthcare (CAISM) in Campinas, S˜ ao
Paulo, Brazil. CAISM is a public teaching hospital and is part
of the hospital complex of the University of Campinas in
which around 2,900 deliveries are performed annually. This
hospital, which serves as a tertiary referral center for a catch-
ment area with a population of around three million, is
equipped with an ICU designed to provide intensive moni-
toringandphysiologicalsupportforwomenwithmultiorgan
failure and/or requiring prolonged assisted ventilation.
The multidisciplinary team responsible for patient care is
composed of an intensive care physician, a resident obstetri-
cian,anurse,threeauxiliarynurses,andarespiratoryphysio-
therapistinadditiontoaseniorobstetrician24hourson-site,
and specialized surgeons are available whenever required.
The ICU is an open unit (receiving cases from the same
hospitalorfromoutside)with6beds,withearlyinvolvement
integrating all members of the multidisciplinary team. The
clinical complications are managed by ICU team, but the
obstetric staﬀ is also closely involved in managing patients.
The obstetric team is responsible for surgical interventions,
regular fetal heart monitoring, indicating in some cases of
severematernalillnessthebetteroptionfortreatment,mode,
a n dt i m eo fd e l i v e r y .
This obstetric ICU receives annually around 140 cases of
SMM, and the criteria for admission to this unit follow the
guidelines of the American College of Critical Care Medicine
and the Society of Critical Care [29] and are in compliance
withthecriteriaproposedforobstetricalICUs[21,30–34].In
thepresentstudy, alltheobstetrical admissions thatoccurred
from August 2002 until September 2007 were analyzed. The
data were collected from the medical records by two of the
investigators and two research assistants. A protocol for the
abstraction of the data was developed, tested, and reviewed
by the team prior to initiation of the study.
For each admission to the ICU, data were collected ret-
rospectively on variables that included the characteristics of
the women, the reason for their admission to the ICU and
the treatment they received there, any procedures or inter-
ventionsconstitutingadvancedlifesupport,andthevariables
used for calculation of the SOFA score [6]. Further details
on the methods used in the abstraction of the data and
characterization of the population may be found in another
publication[35].Thisstudywasonlyimplementedfollowing
approval of the proposed protocol by the local Institutional
Review Board.
Total maximum SOFA score was used to evaluate and
deﬁne organ dysfunction/failure during the entire time the
patient remained in the ICU. Maximum SOFA score (0–4
points) is determined for each one of the six components,
using the poorest result of each variable recorded during
the entire period the patient remained in the ICU. For the
purposes of analysis, organ dysfunction was deﬁned as a
maximum SOFA score ≥1a n d≤2 ,wh i l eas c o r eo f≥3 points
was considered organ failure. The aggregated result repre-
sents the total maximum SOFA score (0–24 points) and re-
ﬂects the maximum degree of alteration in systemic organ
function. The score was calculated in accordance with the
original publication [28]. Thus, the maximum score was
not a snapshot of the patient’s condition on one particular
day but a score that can only be calculated in retrospect.
Therefore, in this way it has a limited relevance for clinical
management. In fact it was studied to test the hypothesis
that organ dysfunction and failure were highly correlated to
mortalityandseveremorbidity inordertosupporttheadop-
tion of these parameters for deﬁning criteria for maternal
near miss.
Since arterial blood gas analysis has not been routinely
recorded in all women admitted to the ICU but performed
whenever required and at the criteria of the intensive care
physician, records of partial pressure of oxygen (PaO2)w e r e
not available in all cases. In some cases, evaluation of the
neurological system according to the Glasgow coma score
was impossible due to the use of continuous sedation. In
these very few situations, unless there was any sign to the
contrary, the parameter was assumed to be normal and the
normal value for the variable was used in calculating the
score [26].
3.StatisticalAnalysis
Initially, a bivariate analysis was carried out to describe the
mean SOFA score and standard deviation for each organ or
system evaluated, according to the outcome of ICU admis-
sion (death or survival) by applying the Mann-Whitney
nonparametric test for independent samples. Next, graphs
were constructed containing the number of women with
SMM, the rate of deaths per category, and the regressionThe Scientiﬁc World Journal 3
Table 1: Mean and standard deviation of maximum Sequential Organ Failure Assessment (SOFA) score for each organ or system evaluated
and the total score, according to the outcome of cases of severe maternal morbidity admitted to an obstetric intensive care Unit.
Organ or system evaluated
Outcome
Total P value∗
Death Survivor
Respiratory 2.61 (1.46) 0.41 (0.96) 0.47 (1.04) <0.001
Coagulation 1.89 (1.45) 0.80 (1.05) 0.83 (1.07) <0.002
Hepatic 1.28 (1.64) 0.14 (0.52) 0.17 (0.61) <0.001
Cardiovascular 3.22 (1.56) 0.28 (0.87) 0.36 (1.01) <0.001
Neurologic 1.78 (1.90) 0.07 (0.41) 0.12 (0.57) <0.001
Renal 1.28 (1.60) 0.17 (0.67) 0.20 (0.73) <0.001
Maximum total SOFA score 12.06 (5.47) 1.87 (2.56) 2.14 (3.14) <0.001
Total 18 655 673
∗Mann-Whitney test.
adjustments of the death rates according to the total max-
imum SOFA score, the number of failing organs and, later,
according to each system evaluated individually. For each
systemassessed,sensitivity,speciﬁcity,andtheareaunderthe
curve (AUC) were evaluated, together with their respective
95% conﬁdence intervals (95% CI). Next, the ROC curve
was ﬁtted, and simultaneous conﬁdence bands were plotted
considering maximum likelihood estimates for the total
maximum SOFA score, assuming a binormal distribution
[36], and empirical values of sensitivity and speciﬁcity were
presented. Finally, a logistic regression model was adjusted
according to the outcome of admission to the ICU (death)
considering total maximum SOFA score as the only inde-
pendent variable, and the estimated probability of death was
calculated for each case. Signiﬁcance level was deﬁned at 5%,
and the software programs used were the Statistical Package
for the Social Sciences (SPSS) for Windows, version 11.5 and
Stata, version 7.0.
4. Results
During the period studied, 673 cases of SMM were admitted
totheICU,whileoverthesameperiod,14,440deliverieswere
performed in the hospital, resulting in an admission rate to
the ICU of 4.6%. Obstetrical complications were responsible
for 66.5% of admissions. During the study period, 18 mater-
nal deaths occurred, representing 2.6% of admissions to the
ICU.Furtherdetailsofthedemographiccharacteristicsofthe
study population are available in a previous publication [35].
Total maximum SOFA score was signiﬁcantly higher in
the patients who died compared to survivors (Table 1). A
regression curve for mortality showed a substantial increase
in the mortality rate as a function of total maximum
SOFA score (Figure 1(a)). Organ dysfunction and/or failure
diagnosed according to maximum SOFA score was found in
61.1% of admissions to the ICU, with dysfunction occurring
in 273 women (40.6%) and failure of one or more organs
in 138 women, representing one-ﬁfth of cases of SMM. A
signiﬁcant correlation was also found between the number
of failed organs and mortality, with mortality varying from
0.2% in women with no organ failure to 85.7% in those in
whomfailureofthreeormoreorgansoccurred(Figure 1(b)).
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Figure 1: Number of severe maternal morbidity (SMM) patients
(bar), mortality rate (symbol), and regression adjustment of mor-
tality,accordingtototalmaximumSequentialOrganFailureAssess-
ment (SOFA) score (a) and number of failed organs (b). Hatched
area represents 273 cases of organ dysfunction (b).
There was only one patient who died with no organ failure
according to the maximum SOFA score.
The estimated probability of death for this obstetrical
population was calculated for each individual value in
the maximum total SOFA score and is shown in Table 2.
Analysis of organ function according to maximum SOFA
score showed a signiﬁcant correlation between mortality4 The Scientiﬁc World Journal
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Figure 2: Number of Severe Maternal Morbidity (SMM) patients (bar), mortality rate (symbol) and regression adjustment of mortality,
according to maximum Sequential Organ Failure Assessment (SOFA) score for each system evaluated.
and a higher score. The ratio between the number of cases
in each category of maximum SOFA score (0–4) and the
corresponding mortality rate is shown in Figure 2. Mortality
increased as a function of maximum SOFA score, mainly
with respect to the scores for hepatic and neurological
function. For the scores referring to respiratory, coagulation
and cardiovascular function, this trend was less strong, while
in the case of renal function, no correlation was found. The
number of cases of organ failure in the six components of
the total maximum SOFA score ranged, in decreasing order,
from coagulation (59), respiratory (58), cardiovascular (42),
renal (21), and neurological (16) to hepatic (14).
The performance of total maximum SOFA score is eval-
uated in Figure 3. Interpretation of the area under the ROC
curve showed that the performance of total maximum SOFA
score for the obstetrical population with SMM was excellent
(AUC 0.958; 95% CI: 0.914–1.0). When the performance of
maximum SOFA scores was calculated individually for each
organ function, the discriminatory power of hepatic and
neurological function scores was found to be poor. The best
results were obtained, respectively, from the cardiovascular
and respiratory scores; however, no individual score alone
had better discriminatory power than the total maximum
SOFA score (Table 3).The Scientiﬁc World Journal 5
Table 2: Estimated probability of death of women with SMM, for
each value of the total maximum Sequential Organ Failure Assess-
mentscoreandthecorrespondingadjustedlogisticregressionequa-
tion.
Total maximum SOFA score Probability of death (%)
10 . 2 7
20 . 4 4
30 . 7 2
41 . 1 6
51 . 8 7
63 . 0 0
74 . 7 8
87 . 5 3
9 11.67
10 17.65
11 25.81
12 36.08
13 47.80
14 59.77
15 70.68
16 79.64
17 86.39
18 91.15
19 94.35
20 96.44
21 97.78
22 98.62
23 99.14
24 99.47
Adjusted logistic regression equation:
Prob (death) = 1/(1 + exp(−(−6.380 + 0.484 × SOFA)))
SOFA: Sequential Organ Failure Assessment.
5. Discussion
The present study investigated organ dysfunction/failure in
673 cases of SMM admitted to an obstetric ICU over a ﬁve-
year period. This study was the ﬁrst carried out to evaluate
the performance of total maximum SOFA score for cases
of SMM, the results of which revealed the excellent perfor-
mance of this score in this patient population.
The term SMM has been used to describe pregnant or
recently delivered women with potentially life-threatening
conditions and maternal near miss who survive [37]. Scores
based on criteria of organ dysfunction/failure have greater
discriminatory power in casesof SMM [8–10,12,14]. There-
fore, a maternal life-threatening condition would be the
women with organ dysfunction or failure [4].
The APACHE II and SAPS II, the scores most commonly
used in obstetric populations [20], overestimate severity and
maternal mortality ratios [8, 9, 12, 14, 19, 20]. The factors
that would render application of this method diﬃcult in
this group of patients would be the physiological changes
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Figure 3: The area under the receiver operating characteristic
(ROC) curve for total maximum SOFA (Sequential Organ Failure
Assessment) score with diﬀerent cutoﬀ points as predictors of death
among cases of severe maternal morbidity.
that occur during pregnancy and the transitory nature of
obstetric morbidities [19, 30].
The decision to use the total maximum SOFA score in
this study was made primarily in view of the performance
of this score in diﬀerent patient populations (AUC > 0.800)
[10, 25, 27] and because the total maximum SOFA score uses
simple variables that are easily standardized, easily measured
without the need for high-complexity resources [24, 25,
27, 38]. The daily evaluation, although appealing, can miss6 The Scientiﬁc World Journal
Table 3:Valuesofsensitivityandspeciﬁcityofindividualmaximum
Sequential Organ Failure Assessment (SOFA) score of each system
evaluated, for the prediction of maternal death, according to cutoﬀ
points of the score.
System evaluated Sensitivity Speciﬁcity AUC [95% CI]
Respiratory 0.903 [0.827–0.979]
≥1 83.3 81.7
≥2 83.3 86.3
≥3 55.6 92.7
4 38.9 98.2
Coagulation 0.728 [0.588–0.869]
≥1 72.2 54.2
≥2 61.1 76.0
≥3 44.4 92.2
4 11.1 97.6
Hepatic 0.707 [0.431–0.983]
≥1 44.4 92.1
≥2 38.9 95.6
≥3 27.8 98.6
4 16.7 99.8
Cardiovascular 0.906 [0.747–1.0]
≥1 83.3 87.9
≥2 83.3 92.7
≥3 77.8 95.7
4 77.8 96.0
Neurologic 0.747 [0.438–1.0]
≥1 50.0 95.9
≥2 50.0 98.2
≥3 44.4 98.9
4 33.3 99.7
Renal 0.889 [0.797–0.981]
≥1 55.6 91.8
≥2 27.8 96.3
≥3 22.2 97.4
4 22.2 97.9
AUC: area under the curve.
the total amount of organ dysfunction sustained by the
women, leading to an underestimation of the cumulative
insult suﬀered [28].
The total maximum SOFA score permitted analysis of
the entire pathophysiologic process of SMM, the aggregated
score reﬂecting the maximum degree of alteration in organ
function at diﬀerent moments throughout the time the pa-
tient remained in the ICU. Among the possible motives for
the better performance of total maximum SOFA score com-
pared to each individual organ function score alone, empha-
sis should be given to the phenomena of interdependence of
organ dysfunction, which are multiple and not always easily
recognized [9, 11, 26, 28].
There are some limitations to this study that should be
taken into consideration. First, it is a retrospective study in
which data collection was performed manually by reviewing
medical charts. Secondly, evaluation of the performance of
scores may have been aﬀected by the relatively few maternal
deaths that occurred in the study (18 deaths). Third, the
study was carried out in a tertiary referral hospital for cases
of SMM, and the results obtained may not be completely
applicable to other patient populations.
In accordance with studies carried out in clinical and
surgical ICUs, the obstetrical complications in this popula-
tion were directly responsible for the majority of admissions
[9, 10, 20]. The maternal mortality rate of 2.6% in the ICU
was within the range reported in recent studies in similar
patient populations (2.3–27%) [8–10, 12, 14, 18, 19, 39].
Of the total number of admissions to the ICU, failure
of one or more organs occurred in 20.5% of cases. Studies
carried out in clinical/surgical ICUs have registered a pro-
portionally greater number of cases of organ failure among
cases of SMM admitted to their units (40–65%) [8, 9, 14].
This diﬀerence in the percentage of cases of organ failure
is explained by the particular characteristics of an obstetric
ICU where a considerable number of women are admitted
for monitoring and surveillance prior to or following the
resolution of pregnancy [35].
Organ failure was an integral part of the pathophysio-
logic process that led to death in almost all the cases of SMM.
Of the 18 deaths, only one did not involve organ failure,
at least identiﬁed by these means. In this speciﬁc case, a
pregnant woman with advanced neoplastic disease received
palliative care for the entire time required to achieve fetal
pulmonary maturation and termination of the pregnancy.
The evaluation of organ failure according to the maximum
SOFA score was hampered because laboratory tests and/or
advanced life support procedures and interventions were not
carried out.
Higher maximum SOFA scores were associated with
mortality, and this association was most evident in the he-
patic and neurological scores. Nevertheless, when these two
components were analyzed, their discriminatory power was
f o u n dt ob ep o o r .T h ef e wc a s e so fo r g a nf a i l u r em a yh a v e
negatively aﬀected evaluation of the performance of these
scores; however, in previous studies, diagnosis of hepatic
failure (maximum score ≥ 3) was also found not to con-
tribute signiﬁcantly towards the prediction of outcome of
hospitalization [9, 28, 39]. With respect to the neurological
score, use of the Glasgow coma scale may have aﬀected its
performance, since the number of neurological failures may
have been underestimated due to the use of sedation in the
more severe cases [26, 28, 38].
Cardiovascular and/or respiratory failure was signiﬁ-
cantly correlated with prognosis, and this ﬁnding was also
reported by investigators who evaluated cases of SMM in
ICUs [8, 9, 14] and in other populations of severely ill pa-
tients [28, 38]. The discriminatory power of SOFA score for
coagulation was lower than these scores. The performance of
t h i ss c o r em a yh a v eb e e na ﬀected by the transitory nature of
thrombocytopenia and its reversibility following resolution
of the pregnancy and the obstetric complications. This result
issimilartothosefoundinstudiescarriedoutinclinical/sur-
gical ICUs, where coagulation failure (≤50,000 platelets) did
notsigniﬁcantlyaﬀecttheprognosisofthepatient[9,28,38].The Scientiﬁc World Journal 7
6. Conclusions
This study showed the excellent performance of the total
maximum SOFA score in cases of SMM admitted to an ICU.
ThetotalmaximumSOFAscoreprovedcapableofevaluating
the severity and prognosis of this patient population, and its
discriminatory power appears not to have been aﬀected by
thephysiologicalmodiﬁcations of pregnancy. Theevaluation
of organ dysfunction/failure according to maximum SOFA
score is simple, easily standardized, and requires only low-
complexity laboratory resources. Use of the maximum SOFA
score for the conceptual and operational deﬁnition of cases
of SMM may contribute towards the eﬀorts of healthcare
institutions and organizations in identifying new auditing
strategies to reduce maternal mortality worldwide. In fact,
thepreliminary resultsofthecurrentstudywerepresented in
ameeting oftheWHOworkinggrouponmaternalmortality
and morbidity which was held in Geneva, Switzerland in
2008, and they were taken into account for the WHO deci-
sion of using organ dysfunction/failure markers as its oﬃcial
criteria for maternal near miss [37, 40] which are being cur-
rently tested in the ﬁeld.
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